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Abstract: Due to the wide range of applications, Wireless Sensor Networks
(WSN) are increased in day to day life and becomes popular. WSN has
marked its importance in both practical and research domains. Energy is
the most significant resource, the important challenge in WSN is to extend
its lifetime. The energy reduction is a key to extend the network’s lifetime.
Clustering of sensor nodes is one of the well-known and proved methods
for achieving scalable and energy conserving WSN. In this paper, an energy
efficient protocol is proposed using metaheuristic Echo location-based BAT
algorithm (ECHO-BAT). ECHO-BAT works in two stages. First Stage clus-
ters the sensor nodes and identifies tentative Cluster Head (CH) along with the
entropy value using BAT algorithm. The second stage aims to find the nodes
if any, with high residual energy within each cluster. CHs will be replaced
by the member node with high residual energy with an objective to choose
the CH with high energy to prolong the network’s lifetime. The performance
of the proposed work is compared with Low-Energy Adaptive Clustering
Hierarchy (LEACH), Power-Efficient Zoning Clustering Algorithm (PEZCA)
and Chaotic Firefly Algorithm CH (CFACH) in terms of lifetime of network,
death of first nodes, death of 125th node, death of the last node, network
throughput and execution time. Simulation results show that ECHO-BAT
outperforms the other methods in all the considered measures. The overall
delivery ratio has also significantly optimized and improved by approximately
8%, proving the proposed approach to be an energy efficient WSN.
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1 Introduction

The rapid evolution of wireless technology and growth in microelectronics has led to the massive
increase in wireless sensor networks. Initially, WSNs were designed and developed for military
operations, but now it is applied in almost all domains ranging from health to entertainment [1,2].
WSN is an infrastructure-less network technology with a large number of sensor nodes in an ad-hoc
manner to monitor the system. WSN may contain hundreds or even thousands of sensor nodes, which
is a low power constrained device. It is composed of low processing power processor, less memory,
a sensor board, a battery and a radio for wireless communication. Sensor node size ranges from the
size of a grain of dust in size of a shoe box. Depending on the functional parameters like energy
consumption, computational speed rate bandwidth and memory, the cost of the sensor nodes may
vary from few hundreds to lakh. A sensor node monitors the processing and storage unit for analyzing
information using their sensor modules [3]. The main issues in WSN are high energy consumption for
data transmission, demand for high bandwidth, Quality of service, data processing and compression
technique and network lifetime. Network topology and energy consumption are two significant factors
to be considered in WSN. These networks classify using the energy efficient hierarchical unequal
clustering [4] probabilistic neural network [5], Neuro fuzzy approach [0] and artificial intelligence-
based intrusion detection system [7].

Due to limited computation, limited energy, limited memory and storage [8] data traffic in the
network should be minimized. This can be achieved by grouping the sensor nodes into clusters as it has
advantages in scalability, energy saving, resource sharing and efficient resource allocation. A cluster
has a group of sensor nodes with a similarity measure along with a cluster head. CH coordinates
the sensor nodes associates with other CHs with an aim to send the data to the sink node for Base
Station (BS).

Major impact in the network is to enhance the lifetime of the network. Routing establishes a path
to send data from the cluster to the base station to select energy efficient WSN. WSNss are classified as
homogeneous or heterogeneous according to their energy emission levels of sensor nodes. When all the
nodes have an equal amount of energy utilization, it is said to be homogeneous while heterogeneous
networks have more initial energy supplied to a few sensor nodes in comparison to the usual nodes
[9,10]. Selection of CH in sensor network is a NP problem as energy balanced optimal data aggregation
cannot take place in a polynomial time [! |]. Thus, meta-heuristic optimization algorithms are proved
to be potent in facilitating efficient CH selection process [12].

This paper proposes an energy efficient method when transmitting and receiving data from sensor
node and BS by reflecting the topology of the network which in turn increases the lifespan of the
nodes and network lifetime. The proposed method involves two stages namely: Initialization stage
and transmission stage. The first stage finds the tentative cluster head with the entropy value and
finally optimal permanent cluster head is selected using echolocation behaviour of BAT algorithm.
Transmission stage finds an optimal path from the cluster to the base station.

The paper is composed in following manner. Section 2 reviews the literature of the existing
schemes. Section 3 describes the proposed scheme to reduce sensor nodes energy consumption.
Performance of the proposed scheme is evaluated through simulation. This work is concluded with
future research directions in Section 5.
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2 Literature Review

Research in WSNs can be classified into two methods: 1. To improve the performance of the
network by improving the performance the most important component, sensor nodes. 2. To improve
the network lifetime by reducing the consumption of energy while transmitting and receiving data.
Clustering the sensor nodes is performed based on characteristics of clusters, clustering strategy and
potency of CHs. This research work aims to stabilise the cluster formation and finds an optimal path
to transmit and receive data from and to the clusters and base station. The proceeding section aims
to review the existing methods already developed to develop energy efficient network model. Finally ,
it studies the methods to find the route between the clusters and base station to transmit and receive
data.

Gonget al. [13] devised a distributed energy efficient clustering (DEEC) for heterogeneous WSN:ss.
The authors used the ratio between average energy of the network and residual energy of each node
to identify CH. Based on the initial and residual energy of the nodes, the nodes with high initial and
residual energy are eligible to become CHs compared to the nodes with less energy. The results prove
that DEEEC could send eminent information when compared to the current clustering methods used
in heterogeneous environments attains prolonged lifetime.

Kuila et al. [14] formulated a design which was suitable for novel clustering the methodology of
EECS for wireless sensor networks, which is adaptable for timely information database applications.
During the time of fetching good CH distribution, the EECS system chooses CHs with large residual
energy following the local radio communication. Qing et al. [15] formulated a novel method called
Distributed Energy-Efficient Clustering having Improved Coverage (DEECIC) algorithm. Based on
local information DEECIC targets in assigning a unique ID to every node and also clusters the
minimum quantity of CHs to surround the complete network.

Ye et al. in his paper [16] associated voting method and clustering algorithm to develop a new
clustering scheme for secure localization of sensor networks. Clustering algorithm based on minimum
spanning tree-PSO of the weighted graph of the WSNs is proposed by Liu et al. [17]. Based on the
energy consumption, the optimal route between the nodes and its cluster heads are found in the entire
tree.

A distributed clustering algorithm for WSN is proposed in [18] by Yang et al., called multi-
objective fuzzy clustering algorithm (MOFCA). Use residual energy, distance to sink, and node density
to compute the competition radius of tentative CH. If there exist any competitive CH, it withdraws
from CH competition. MOFCA seems to be effective and proved to be significant in extending the
lifetime of the network.

Cao et al. [19] devised an energy aware clustering protocol using fuzzy logic (ECPF) for WSN.
ECPF involves two phases namely: setup phase and steady state phase. The first phase elects the CH
and forms the cluster. Frame generation and data collection will happen in steady state phase. Sert
et al. in his work [20] analyzed the conditions necessary for increasing the energy efficiency of the
nodes constituting a sensor network using a clustering routing technique and a location-based routing
technique.

Authors proposed a WSN configuration method that increases the energy efficiency of each node
and proved by experimental methods that the results were optimal. Taheri et al. [21] analyzed the
problem of energy consumption of the single-hop and multi-hop transmissions in a single cluster.
They determined a critical value of cluster area. MS-LEACH is based on the critical value and it
outperforms 200% in terms of network life time.
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3 Proposed ECHO-BAT Based Energy Efficient WSN Method

Echolocation based BAT algorithm (ECHO-BAT) is proposed to develop an energy efficient
WSN. Two stages are involved in the proposed scheme. The first stage is the initialization stage and
the second stage is transmission stage. First step in stage 1 is to cluster the sensor nodes and chooses a
tentative cluster head with its entropy value. Entropy value is obtained using the correlative measure
of residual and original energy. Second step of stage 1 aims to find if there are any other nodes in the
cluster with high residual energy. If it is found, then the tentative CH is replaced by the newly found
node. Second step is achieved by employing BAT algorithm. Thus, the two steps in stage 1 results
in choosing optimal CHs. Transmission stage establishes a path to reach the Base Station (BS). The
overall architecture of the proposed method is represented in Fig. 1.

Initialization Stage

Tentative Cluster Head

l

Permanent Cluster Head

|

Transmission Stage

> Energy Efficient Sensor
WSN

Optimal Path Identifier ‘

Figure 1: Overall architecture of proposed ECHO-BAT

3.1 Initialization Stage

Initialization stage involves two steps namely: Tentative CH selection step as used in [22] and
Permanent CH selection steps.

3.1.1 Tentative CH Selection Step

The rotating epoch for CHs to [1/optcl]. The rotating epoch and the reasons for deploying HWSNs
become ineligible. All the sensor nodes should finalize its own selection entropy by considering its
initial and residual energy level. Every computation of energy outlined in this method is the variable
quantity. The arithmetic mean of this variable quantity is energy entropy. Entropy is found using
Eq. (1).

ENT, = = > xEn, (r)log,En,,(r) (1)

i=1
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En, (r) is the residual energy of sensor node S, at round r. En,,(r) is the average energy of the
network in round r.

1
Ens(n) = 5 > En(r) (2)

ENT, oscillate around optcl considering the direction of the two relative energy which helps sensor
node to manage its entropy. All the nodes evaluate its probability ad chooses a random number between
0 and 1. When the probability value is less than the condition the node chooses itself to be tentative
CH. Si’s threshold of entropy is correlated with ENT; as

Th(S;) = 0, if S; does not belong to C,
ENT,
| — ENT, (rmod[+])

Th(S,) = { if S, e C 3)

ENT;

Where C is the group of nodes, Even, in the final round if S; is not elected as CH then S; belongs
to C.

3.1.2 Permanent CH Selection Step

The bat algorithm is a meta heuristic search optimization algorithm in which all bats collaborate
in populations to achieve a collective goal. Each bat is a solution in search space called a local solution.
This is evaluated by calculating the fitness function and updates its position, velocity and frequency.
Finally global solution is obtained after predefined number of iterations. The tentatively selected nodes
will be replaced by nodes with high residual energy within the cluster. This is achieved by implementing
BAT algorithm. The fitness function is calculated using Eq. (4). Which considers distance and energy?

Fitness=a x fi+ (1 — a) x f, 4)

Where, a is a user defined constant, sub objectives are f; and f;. f; is the sum of residual energy
ratios of all nodes within a cluster to the residual energy of CH (k) and as per Eq. (5). The f; is the
sum of inter cluster distance as in Eq. (6).

- 2t EQ)
z Ltk 7V

Sr= E (k)

)

k=1

Where m is the number of CHs. n. is the number of nodes in a cluster. E(j) is the residual energy
of node j. Remaining energy of CH(k) is E(k).

L= d Gk (6)

k=1 j=1,j#k
Where d(j, k) is the distance between CH(k) and node j.

The following are the steps employed by BAT algorithm to select permanent CH. The flowchart
of the BAT algorithm to choose appropriate CH is shown in Fig. 2.
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Algorithm 1: BAT algorithm to Choose Permanent CH

Input: All sensor nodes

Output: List of Permanent CH nodes

Step 1: All the nodes including sink node is deployed in the zone.

Step 2: Sink node or BS sends message to all nodes for their information.

Step 3: Nodes now sends their identity, distance between the positions of nodes.

Step 4: BS calculates the distance between itself and the other nodes in the network.

Step 5: Tentatively selected CH broadcast a message to all its neighbouring nodes.

Step 6: Based on the power of the message from CH, nodes decide to which cluster it should join.
(Closer nodes will receive stronger signal, If the received strength is same from two CHs then
the node will choose randomly to which cluster it should join.)

Step 7: Joining request sent from each node to its cluster with its ID.

Step 8: CH calculates the number of member nodes in its group.

Step 9: Bat population is initialized with selected tentative CH nodes. Initialize the following
parameters (pulse emission rate r;, intensity A;, frequency Q; fitness function from
Generate a random number 0.

Step 10: Perform the following steps 11 and 12 until the current iteration is less than maximum number
of iterations.

Step 11: Adjust frequency and update velocity to generate new solutions.

Step 12: For each node in the network

Find the distance between node and CHs.
Assign the node to the cluster with minimum distance.
Find the fitness value using .

Step 13:if 8 > r then update local solution.

Step 14:1f 0 < A; and f(x! < (x*)

Step15: Accept Solution.

Step 16: Sort the solutions.

Step 17: x* < x! (x* is the best set of K cluster heads).

3.2 Transmission Stage

This stage deals data transmission. Based on the transmission distance data transmission from
Ch to BS consumes energy. Considerably more energy will be consumed when the distance is large.
Taking this into account, the next step after choosing the CH is to find an optimal path from each
cluster to the BS. Dijkstra algorithm [23-25] is used to find the shortest path between CH and BS. The
step involved in this process is shown in Algorithm 2.

Algorithm 2: Route Selection Between CH and BS

Input: All clustered nodes in the network.

Output: Shortest path between each CHs and BS.

Step 1: All CHs sends node location information to BS.

Step 2: Shortest Transmission path is calculated between BSs and CHs by using Dijkstra algorithm.
Step 3: BS sends the calculated shortest path to its respective CH.
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Figure 2: Flowchart of BAT to choose appropriate CH

A node within each cluster sends the data to its CH and the CH collects and integrates the data
received. 50% of data will be consumed in the network during this data transmission. The collected
data will be sent to the BS which in-turn sends to the webserver to process the service.

4 Simulation Results and Analysis

This section analyses the results obtained by implementing ECHO-BAT in NS2 simulator. The
performance is evaluated by comparing with LEACH, PEZCA and CFACH with five metrics namely:
network lifetime, death of the first node, death of the 20th node, execution time and success rate. Setup
parameters of the network are shown in Tab. 1. Initial energy of nodes from 0.5 to 0.8 J is considered
and average results are considered. Network region of 100 x 100 m? is taken up with 250 nodes. The
proposed and existing algorithms are run for 1000 rounds.

4.1 Death of 1st, 125th Node, Last Node

The network stability is calculated using the round in which the first node dies, round in which the
last node dies. The number of rounds is fixed at 1000 with energy between 0.5 to 0.8 J. The Figs. 3-6
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compares death of nodes vs. number of rounds at which the first node dies for ECHO-BAT, LEACH,
PEZCA and CFACH with the energy of 0.5, 0.6, 0.7 and 0.8 J.

Table 1: Simulation parameters

Parameters Values
Network area 100 x 100 m*
Initial node energy 0.5-0.8J
Number of nodes 1000
Transmission range 85m
Data packet size 500 bytes
Energy consumption for sending data 0.017J
CH percentage 0.05
Packet size 4000 bits
1000
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2 500
o 400
Z 300
200
100
0
PEZCA  CFACH ECHO-BAT
Proposed & Existing methods
m1st node m125thnode mlastnode
Figure 3: Node energy of 0.5 ]
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Figure 4: Node energy of 0.6 J
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Figure 6: Node energy of 0.8 J

Fig. 3 clearly shows that proposed ECHO-BAT shows higher network lifetime. In ECHO-BAT,
first node dies at 564th round, 125th node dies at 734th round and last node dies only at 943rd round
for 0.5 J energy. From this it is clear that lifetime of the network for ECHO-BAT is higher compared
to LEACH, PEZCA and CFACH after finding the round at which first node, 125th node and last
node dies. For 0.6 J of energy, first, 125th and last nodes die almost in the similar rounds in PEZCA
and CFACH. But, LEACH and ECHO-BAT are stable in which lifetime of ECHO-BAT’s network
is superior than LEACH. This is evident from Fig. 4. For 0.7 J of energy, it is again proved from
Fig. 5 that PECZA and CFACH are more or less similar like LEACH and ECHO-BAT. Fig. 6 shows
PECZA outperformed CFACH for all three cases (first node death, 125"node death and last node
death). Whereas LEACH came much closer to ECHO-BAT for 0.8 J of energy.

4.2 Network Throughput

Throughput of the network is calculated based on the number of packets sent to BS for 50 nodes
and 100 nodes at 1000 rounds. Network throughput is clearly evident from the Tab. 2. Given below
for 0.5, 0.6, 0.7 and 0.8 J sensor node energy.

It is observed from Tab. 2 that the number of packets sent to BS in LEACH, PECZ, CFACH
and ECHO-BAT was found for 1000 rounds for 500 and 1000 sensor nodes. Tab. 2 shows the average
results of the packets sent to BS for initial energy of 0.5 J. ECHO-BAT sends 436237 packets on average,
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followed by LEACH with 413,760 packets as second and CFACH with 320358 packets as third and
finally PECZA sends 284386 packets on average as least among the other three.

Table 2: Network throughput (500 nodes, 1000 nodes with 0.5 J initial energy)

Methods 500 1000

LEACH 272491 282538
PECZA 187654 193464
CFACH 210976 218764
ECHO-BAT 288265 298944

Tab. 3 evidently shows that the proposed ECHO-BAT outperforms LEACH, PECZA and
CFACH by sending more packets to BSC for 500 sensor nodes and 1000 sensor nodes. Network
throughput for ECHO-BAT is 299864 and 301234 for 50 and 100 nodes respectively for 0.6 J of initial
energy. LEACH seems to be closer to ECHO-BAT. PECZA and CFACH are almost similar for 0.6 J
of initial energy.

Table 3: Network throughput (500 nodes, 1000 nodes with 0.6 J initial energy)

Methods 500 1000

LEACH 295631 297684
PECZA 228732 238765
CFACH 228865 238734
ECHO-BAT 299864 301234

By considering the average of the number of packets sent from to BS, ECHO-BAT reaches the
first position among LEACH, PECZ and CFACH for 0.7 J of energy. LEACH with second position
and CFACH being the third and PECZA being the last.

It is evident from Tab. 4 that the network throughput in LEACH, PECZ, CFACH and ECHO-
BAT was found for 500 and 1000 nodes for 1000 rounds. The average number of packets sent to BS
is clearly shown in Tab. 5 with ECHO-BAT sending highest number of packets for 500 as well as 1000
nodes. CFACH being the last with 237861 and 247714 for 500 and 1000 nodes respectively.

Table 4: Network throughput (500 nodes, 1000 nodes with 0.7 J initial energy)

Methods 500 1000

LEACH 295631 297684
PECZA 230021 238765
CFACH 228865 238734

ECHO-BAT 289864 301234
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Table 5: Network throughput (500 nodes, 1000 nodes with 0.8 J initial energy)

Methods 500 1000

LEACH 302345 315684
PECZA 244567 255775
CFACH 237861 247714
ECHO-BAT 309864 334534

4.3 Execution Time

Execution time in seconds is considered as one of the important metrics in this work. Results are
shown in terms of 200, 400, 600, 800 and 1000 nodes with respect to time in seconds for LEACH,
PEZCA, CFACH and ECHO-BAT.

Fig. 7 shows the energy execution time of sensor nodes ranging from 200 to 1000 nodes for initial
energy of 0.5 J. It proves that ECHO-BAT takes minimum overall processing time followed by LEACH,

PEZCA and CFACH.
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Figure 7: Execution time with 0.5 J

1000 sensor nodes for 0.6 J of energy is displayed in Fig. 8. It is

evident from the figure that proposed ECHO-BAT takes minimal time to process compared to other
conventional methods namely LEACH, CFACH and PEZCA.
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Figure 8: Execution time with 0.6 J
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Fig. 9 picturizes the processing time had taken by ECHO-BAT, LEACH, CFACH and PEZCA
for 200 to 1000 nodes with an interval of 200. It is depicted for energy with 0.8 J. It shows that the
proposed ECHO-BAT takes the least time to process followed by LEACH, PEZCA and CFACH.

1000
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e | EACH

=—g==PEZCA
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ECHO-
BAT

Execution times (S)

200 400 600 800 1000
No. of nodes

Figure 9: Execution time with 0.7 J

Fig. 10 depicts the processing time taken by ECHO-BAT, LEACH, PEZCA and CFACH with
08.J of energy for 200, 400, 600, 800 and 1000 nodes. It is inferred from Figs. 7-10 that the proposed
ECHO-BAT take less time for sending large data with energy level from 0.5 J through 0.8 J. This
experiment is carried out for 1000 nodes. ECHO-BAT is followed by LEACH with the second least
execution time.
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¢ coo 2 =t PEZCA
= —_— CFACH
c 500 —

2 / ECHO-
o 400 — : BAT
S 300
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Figure 10: Execution time with 0.8 J

5 Conclusion

The lifetime of the wireless sensor networks is a significant factor to be considered to create a
stable network. This confront becomes very important in large scale networks where more energy is
utilized for packet transmission. Energy consumption in WSNs must be considered which is tedious
in creating the network topology. Entropy value and ECHO Location based BAT algorithm (ECHO-
BAT) is employed to cluster the sensor nodes and to choose the optimal cluster head to communicate
with base station. This paper presented an energy efficient model in WSN for 1000 sensor nodes.
Proposed ECHO-BAT involves two phases. The first phase is initialization phase and second phase is
transmission phase. Initialization works in two steps. Step 1 and 2 deals in choosing the tentative and
permanent cluster head using entropy value and Metaheuristic BAT algorithm. Second phase dealt
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with finding an optimal path from each cluster to send and transmit data from cluster heads to base
station using Dijkstra algorithm. The effectiveness and the efficiency of the proposed ECHO-BAT are
exhibited with the help of simulated results. ECHO-BAT seems to outperform LEACH, PEZCA and
CFACH in terms of network lifetime, death of 1st, 125th and last node, execution time and throughput
of the network. The execution time in ECHO-BAT for 200 nodes is 100 s lesser than other existing
methods. Similarly, execution time in ECHO-BAT for 1000 nodes is approximately 150 s lesser than
LEACH, PEZCA and CFACH. Identifying the number of clusters in cluster formation and the finding
an optimal path depending on the location of base station can be handled in future research work.
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